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Methods fpr large scale production of recombinant DNA-derived tPA or 
K2S molecules 

The invention belongs to the field of thrombolysis and of tissue plasminogen activator (tPA) 
derivative production in prokaryotic cells, 

The invention relates tp methods for the production of a recombinant DNA-derived tPA, a 
variant therof or a (Kringle 2 Serine) K2S molecule or a variant therof in prokaryotic cells, 
wherein said tPA or JC2S or variant is secreted extraceJlularly as an active and correctly 
folded protein, and the projcaryotic cell contains and expresses a vector comprising the 
DNA coding for said tPA or K2S or variant opersWy linked to the DNA coding for the 
signal peptide OrapA, The invention further relates to specific K2S derivatives obtainable by 
said method. The invention further relates to said PNA molecules and the use of said DNA 
molecules in said methods. 

is Background art 

Tissue plasminogen activator (tPA) is a polypeptide pontaming 527 amino add residues 
(27) with a molecular mass of 72 JcDa. The molecule is divided into five structural domains. 
Nearby the N-terminal region is a looped finger domain, which is followed by a growth 
factor domain. Two similar domains, kringle I 9nd Icringle 2 3 are following. Both finger and 
so kringle 2 domains bind specifically to the fibrin clots thereby accelerating tPA protein 
activation of bound plasminogen, Pownstream of kringle 2 is the serine protease, with its 
catalytic she located at the C-terminus. The serine protease is responsible for converting 
plasminogen to plasmin a reaction important in the homeostasis of fibrin formation and clot 
dissolution. The correct folding of tPA requires the correct pairing of 17 disulfide bridges in 
the molecule (1). 

Clinically, tPA is a thrombolytic agent of choice for the treatment of acute myocardial 
infarction. It has the advantage of causing no side effects on systemic haemorrhaging and 
fibrinogen depletion (7), Bowes melanoma cells were first used as a source in tPA 
production for therapeutic purposes (12). Since a consistent process with efficient 
so production of highly purified protein in good yield is required for clinical use, the 
construction of full-length recombinant-tPA (r-tPA) progressed to mammalian cells. 
Chinese hamster ovary cells were transfected with the tPA gene to synthesize the r-tPA (8, 
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22), The recombinant product produced by $ mammalian fermentation system was 
harvested from the culture medium. Attracted by simplicity and economy of production, a 
number of efforts in producing r-tPA from bacterid especially from Escherichia coIi } were 
investigated (10, 13, 30), Regarding the low yield and the formation of inclusion bodies, 
which resulted in misfolding and in an inactive ensyme, numerous strategies have been 
proposed to overcome these problems. 

Several deletion-mutant variants including jcringle 2 plus serine protease (K2S) were 
considered. However, the enzymatic activity of the recombinant-^ S (r-K2S) was obtained 
only when refolding processes of purified inclusion bodies from cytoplasmic compartment 
were achieved Q6, 29). In order to avoid the cumbersome refolding processes and 
periplasmic protein delivery, special bacterial expression systems were exploited (6, 31). 
Despite periplasmic expression of tPA, overexpression led to inactive aggregates, even in 
the relatively high oxidizing condition in the periplasm, 

In the prior art, there are a few descriptions of methods for the preparation of recombinant 
JC2S in £. coli. However, there is no disclosure of a method leading to a cost effective 
method for large scale production of biologically active f£2S, 

Obukowicz et a!. (25) expressed and purified r-K2S from periplasmic space. The obvious 
disadvantage of this method was an extra periplasmic extraction step, which is not suitable 
for large scale production. 

Saito et al. (29) disclose the cytoplasmic expression of r-K25. The authors used an in vivo 
renaturation processes for the expressed r^K2S, which was purified from the cytoplasmic 
space of E. coli as inclusion body. Boehringer Mannheim use a similar cumbersome 
denaturing/refolding process involving the steps of cell digestion, solubilization under 
denaturing and reducing conditions and reactivation under oxidizing conditions in the 
presence of GJ3H/GSSG which is not cost effective (24), 

In 1991, Waldenstrom et al. (34) constructed a vector (pEZZK2P) for the secretion of 
Jcringle 2 plus serine protease domain to E. coli culture supernatant. Hydroxylamine was 
used to remove the ZZ fusion peptide from IgG-Sepharose purified fraction. The cleavage 
agent hydroxylamine required modification of the cleavage sites of kringle : 2 plus serine 
protease (Asn 177 -> Ser and Asn 184 -> Gin) thus to protect it from hydroxylamine digestion. 
However, the resulting non-native, not properly folded K2S molecule is not suitable for 
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therapeutic purposes. No enzymatic activity regarding fibrin binding/protease activity was 
disclosed. The unusual sequence may even activate the human immune system. 
The problem underlying the present invention was thus to provide a commercially applicable 
method for large scale production of tPA molecules and derivatives therof, e.g. K2S } 
s wherein the K2S molecule is secreted in its biologically active form into the culture 
supernatant 

Description of the invention 

The problem was solved within the scope of the claims and specification of the present 
io invention. 

The use of the singular or plural in the claims or specification is in no way intended to be 
limiting and also includes the other form. 

The invention relates to a method for the production of a recombinant DNA-derived tissue 
plasminogen activator (tPA), a tpA variant, a Kringle 2 Serine protease molecule (K2S) or a 

is K2S variant in prokaiyotic cells, wherein said tPA, tPA variant, K2S molecule or K2S 
variant is secreted extracellylarly as an active and correctly folded protein, characterized in 
that the prokaryotic cell contains and expresses a vector comprising the DNA coding for 
said tPA, tPA variant, K2S molecule or K2S variant operably linked to the DNA coding for 
the signal peptide Omp A or a functional derivative thereof. 

sa Surprisingly, the use of the signal peptide OmpA alone and/ or in combination with the N- 
terminal amino acids SEGN/SEGNSD translocate the recombinant DNA-derived tPA, tPA 
variant, K2JS molecule or K2S variant to the outer surface and facilitates the release of the 
functional and active molecule into the culture medium to a greater extent than any other 
method in the prior art. Before crossing the outer membrane, the recombinant DNA-derived 

2$ protein is correctly folded according to the method of the present invention. The signal 
peptide is cleaved off to produce a mature molecule. Surprisingly, the efficiency of signal 
peptide removal is very high and leads to correct folding of the recombinant DNA-derived 
protein. 

Said signal peptide OmpA interacts with SecE and is delivered across the inner membrane 
so by energy generated by SecA, which binds to Sec components (SecE-SecY). SecY forms a 
secretion pore to dispatch the recombinant DNA-derived protein according to the invention. 
The space between the outer membrane and inner membrane of Gram-negative bacteria, 
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periplasm, has higher oxidative condition in comparison to the cytoplasmic space. This 
supports the formation of disulfide bonds and properly folding of the recombinant DNA- 
derived protein (e.g. K2S) in the periplasm to yield an active molecule, According to the 
present invention, the signal peptide will be cleaved off to produce a mature molecule. The 
j complex of GspD secretin and GspS lipoprotein on the outer membrane serves as gate 
channel for secreting the recombinant DNA-derived protein according to the invention to 
the extracellular medium. This secretion process requires energy, which is generated in 
cytoplasm by GspE nucjeptide-binding protein then transferred to the inner membrane 
protein (Gsp G-J, F and K-N). GspC transfers the energy to GspD by forming a cross-linker 

to between a set of inner membrane protein (Gsp G-J, F and K-N) and GspD. Before crossing 
the outer membrane successfully, the recombinant PNA-derived protein is correctly folded. 
Operably linked according to the invention means that the DNA encoding the tPA, tPA 
variant, K2S molecule or K2S variant (preferably comprising the nucleic acid encoding 
SEGN or SEGNSD at its N-terminal portion) is cloned in close proximity to the OmpA 

is DNA into the vector in order to achieve expression of the OmpA-tPA, tPA variant, K2S 
molecule or K2S variant-fusion protein afld to direct secretion outside the prokaiyotic host 
cell. Typically, the majority of the tPA, tPA variant, K2S molecule or K2S variant is 
secreted and can then be purified by appropriate methods such as ammonium sulfate 
precipitation. The invention also includes the use of inducers such as IPTG or IPTG in 

jo combination with glycerol, the improvement of the incubation condition and harvesting 
period to maximize the amount of active protein. 

In a preferred embodiment, said DNA encoding the OmpA signal peptide may be fused to a 
short peptide characterized by the amino acid sequence SEGN or SEGNSD or the coding 
nucleic acid sequence TCTGAGGGAAAC or TCTGAGGGAAACAGTGAC and located in 

23 the N-terminal portion or at the N-terminal portion of the tPA, tPA variant, K2S molecule 
or K2j5 variant. Thus, preferably, said fusion protein comprises OmpA- SEGNSD -tP A, - 
tPA-variant 3 -K2S-molecule or -K2S -variant Even more preferred, said amino acids 
characterized by SEGN or SEGNSD may be cany a point mutation or may be substituted 
by a non-natural amino acid. Even more preferred, there may be an amino acid or non- 

jo amino acid spacer between OmpA and SEGN or SEGNSD and the tPA, tPA variant, K2S 
molecule orK2S variant. 
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Thus, in a preferre4 method according to the invention paid the prokaryotic cell contains 
and expresses a vector comprising the PNA coding for said tPA, tPA variant, K23 molecule 
or K2S variant operapjy Jinked to the DNA coding for the signal peptide OmpA which is 
operably Jinked to the nucleic acid molecule defined by the sequence 
i TCTQAGQQAAACAGTGAC or a functional derivative thereof. 

The method according to the invention comprises prokaryotic host cells such as, but not 

limited to Escherichia cali (E. colt), Bacillus sybtilis, Streptomyces, Pseudomonas, e.g. 

Pseudamonas pvtiaa, Proteus mirabilis or Staphylococcus, e.g. Staphylococcus carnosus. 

Preferably said host cejls according to the invention are Gram-negative bacteria. 
to Preferably, a method according to the invention is also characterised in that the prokaryotic 

cell is E. coli. Suitable strains include, but are not limited to XL-1 blue, BL21(DE3), 

JM109, DH series, TOP10 and HB1QJ. 

Preferably, a method according to the invention is also characterised in that the following 
Steps are carried out: 

is a) the PNA encoding the tPA, tPA variant, K2S molecule or K2S variant is amplified by 
PCR; 

b) the PCR product is purified; 

c) said PCR product is inserted into a vector comprising the DNA coding for OmpA signal 
peptide and the DNA coding for gpm in such a way that said PCR product is operably 

30 linked upstream to the DNA coding for the OmpA signal sequence and linked downstream 
to the DNA coding for gpm of said vector; 

d) that a stop codon is inserted between said tPA, tPA variant, K2S molecule or K2S 
variant and gpHI; 

e) said vector is expressed by the prokaryotic cell 

is f) the tPA, tPA variant, K2S molecule or K2S variant is purified. 

For step a) according to the invention the choice / design of the primers is important to 
clone the DNA in the right location and direction of the expression vector (see example 1). 
Thus, the primers as exemplified in example 1 and figure 4 comprise an important aspect of 
the present invention. With gp ffl of step c) gene protein m is meant which is present 

so mainly in phagemid vectors. The stop codon is inserted to avoid transcription of gp ID thus 
eventually leading to secretion of the tPA, tPA variant, K2S molecule or K2S variant of 
interest. Any suitable method for insertion of the stop codon may be employed such as site- 



Boehrijiger Ingelheim International GmbH Case M 170 

6 

directed mutagenesis (e.g. Weiner MP, Costa GL (1994) PCR Methods Appl 4(3):S131- 
}36; Weiner MP, Costa GJ,, Schoettlin W, Owe J, Mathur E, Bauer JC (1994) Gene 
151(1-2):1J9-123; see also example 1). 

Any vector may be use4 in the method according to the invention, preferably said vector is a 
phagemid vector (see below). 

Preferably, a method according to the invention is also characterised in that the tPA, tPA 
variant, K2S molecule or K2S variant is selected from human tissue plasminogen derivator 
(tPA, figure 16) or a fragment, a functional variant, an allelic variant, a subunit, a chemical 
derivative, a fusion protein or a glycosyiation variant therof, Such fragments, allelic 
variants, functional variants, variants based on the degenerative nucleic acid code, fusion 
proteins with an tPA protein according to the invention, chemical derivatives or a 
glycosylation variant °f tte tfA proteins according to the invention may include one, 
several or all of the following domains or eubunits qj- variants thereof: 

1 . Finger domain (4-50) 

2. Growth factor domain (50-87) 

3. Kringle 1 domain (87-176) 

4. Kringle 2 domain (176-262) 

5. Protease domain (276-527) 

The numbering/naming of the domains is according to Genbank accession number GI 
137119 or Nature 30J (5897), 214-221 (1983). 

More preferably, a method according to the invention is also characterised in that the tPA, 
tPA variant, K2S molecule or K2S variant is selected from the Kringle 2 (4.) plus Serine 
protease (5.) K2S variant of human tissue plasminogen activator or a fragment, a functional 
variant, an allelic variant, a subunit, a chemical derivative, a fusion protein or a 
glycosylation variant therof. 

More preferably, a method according to the invention is also characterised in that the vector 
is a phagemid vector comprising the D>fA coding for OmpA signal peptide and the DNA 
coding for gpm 

More preferably, a method according to the invention is also characterised in that the vector 
is the pComb3HSS phagemid (see also example 1). 
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More preferably, a methotf according to the invention is also characterised in that the DNA 
sequence comprises or consists of the following DNA sequence encoding OmpA and K2S 
or a functional variant thereof or a variant due to the degenerate nucleotide code: 

atgaaaaagacagctatcgcaattgrcagtggcactggctggtttcgctaccgtg 

gcccaggcggcctctgagggaaacagtgactgctactttgggaatgggtcagc 

ctaccgtggcacgcacagcctcaccgagtcgggtgcctcx:tgcctcccgtggaa 

ttccatgatcctgataggcaaggtttacacagcacagaaccccagtgcccaggc 

actgggcctgggcaaacataattactgccggaatcctgatggggatgccaagc 

cctggtgccacgtgctgaagaaccgcaggctgacqtgggagtactgtgatgtg 

ccctcctgctccacctgcggcctgagacagtacagccagcctcagtttcgcatc 

aaaggagggctcttcgccgacatcgcctcccacccctggcaggctgccatcttt 

gccaagcacaggaggtcgcccggagagcggttcctgtgcgggggcatactcat 

cagctcctgctggAttctctctgccgcccactgcttccaggagaggtttccgcc 

ccaccacctgacggtgatcttgggcagaacataccgggtggtccctggcgagg 

aggagcagaaatttgaagtcgaaaaatacattgtccataaggaattcgatgat 

gacacttacgacaatgacattgcqctgctgcagctgaaatcggattcgtcccgc 

TGTGCCCAGXj^AGAGCAQCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTG 

cagctgccggactggacggagtgtgagctctccggctacggcaagcatgaggc 

cttgtctcctttctattcggagcggctgaaggaggctcatgtcagactgtaccc 

atccagccgctgcacatcacaacatttacttaacagaacagtcaccgacaacat 

gctgtgtgctggagacactcggagcggcgggccccaggcaaacttgcacgacg 

cctgccagggcgattcgggaggccccctggtgtgtctgaacgatggccgcatg 

actttggtgggcatcatcagctggggcctgggctgtggacagaaggatgtccc 

gggtgtgtacacaaaggttaccaactacctagactggattcgtgacaacatgc 

GACCG 

More preferably, a method according to the invention is also characterised in that the DNA 
Sequence of OmpA comprises or consists of the following sequence or a functional variant 
thereof or a variant due to the degenerate nucleotide code: 

ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGTTTCGCTACCGTG 
GCCCAGGCGGCC. 

Said DNA encodes the following amino acid sequence of OmpA, OmpA thus comprises or 
consists of a protein characterized by the following amino acid sequence or a fragment, a 
functional variant, an allelic variant, a subunit, a chemical derivative or a glycosylation 
variant therof as part of the invention: 
MKKTAIAIAVALAGFATVAQAA. 

The untranslated region may contain a regulatory element, such as e.g. a transcription 
initiation unit (promoter) or enhancer. Said promoter may, for example, be a constitutive, 
inducible or development-controlled promoter. Preferably, without ruling out other known 
promoters, the constitutive promoters of the human Cytomegalovirus (CMV) and Rous 
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sarcoma virus (RSV), as well as the Simian virus 40 (SV40) and Herpes simplex promoter. 
Inducible promoters according to the invention comprise antibiotic-resistant promoters, 
heat-shock promoters, hprmone-inducible Mammary tumour virus promoter" and the 
metallothioneine promoter. Preferred promotors include T3 promotor, T7 promotor, 
Lac/aral andLtetO-1. 

More preferably, a method according to the invention is also characterised in that the DNA 
of the tPA, tPA variant, K2S molecule or K2S variant is preceeded by a lac promotor 
and/or a ribosomal binding site such as the Shine-Dalgarno sequence (see also example) 
More preferably, 4 method according to the invention is also characterised in that the DNA 
coding for the tPA, tPA variant, K2S molecule or K2S variant is selected from the group of 
DNA molecules coding for at least 90% of the amino acids 87 - 527, 174 - 527, 180 - 527 
or 220 - 527 of the human tissue plasminogen activator protein. 

More preferably, a method according to the invention is also characterised in that the DNA 
Sequence of K2S comprises or consists of the following sequence: 
TCTGAG(3GAAACAQTGACTGCTACTTTGQGAATGG<jTCAGCCTACCGTGGCAC 
GCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCT 

gataggcaaggtttacacagcacagaaccccagtgcccaggcactgggcctgg 

gcaaacataattactgccggaatcctgatggggatgccaagccctggtgccac 

gtgctgaagaaccgcaggctgacgtgggagtactgtgatgtgccctcctgctcc 

acctgcggcctgagacagtacagccagcctcagtttcgcatcaaaggagggct 

cttcgccgacatcgcctcccacccctggcaggctgccatctttgccaagcacag 

gaggtcgcccggagagcggttcctgtgcgggggcatactcatcagctcctgct 

ggattctctctgccgcccactgcttccaggagaggtttccgccccaccacctga 

cggtgatcttgggcagaacataccgggtggtccctggcgaggaggagcagaaa 

tttgaagtcgaaaaatacattgtccataaggaattcgatgatgacacttacgac 

AATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAG 
AGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGAC 
TGGACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGCCTTGTCTCCTTTC 
TATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGTACCCATCCAGCCGCTGC 
ACATCACAACATTTACTTAACAGAACAGTCACCGACAACATGCTGTGTGCTGGA 
GACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGCGA 
TTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGGTGGGCAT 
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CATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTGTACACAA 

AGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCGACCGTGA 

The present invention also relates to variants of the before-mentioned nucleic acid 

molecules due to the degenerate code or to fragments therof, nucleic acids which hybridize 

to said nucleic acids under stringent conditions, allelic pr functional variants, The invention 

also relates to nucleic aeids comprising said K2S nucleic acid fused to the nucleic acid 

encoding another protein molecule. 

Stringent conditions as understood by tjie skilled person are conditions which select for 
more than 85 %, preferred more than 90 % homology (Sambrook et aj. 1989; Molecular 
Cloning: A laboratory Manual, 2 nd ed,, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, New York). The hybridisation will be carried out e.g. in 6x SSC/ 5x Denhardt's 
solution/ 0,1 % SDS (SDS: sodium docjecylsulfitte) fit 65 °C. The degree of stringency is 
decided in the washing step. Thus, for example for a selection of DNA-sequences with 
approx. 85 % or more homology, the conditions 0,2 x SSC/ 0,01 % SDS/ 65 Q C and for a 
selection of DNA-sequences of apprpx, 90 % or more homology the conditions 0,lx SSC/ 
0,01 % SDS/ 65 °C are suitable. The composition of said reagents is described in Sambrook 
et al. (1989, supra). 

Another important part of the present invention is a variant of human tissue plasminogen 
activator comprising of or consisting of the Kringie 2 (4.) plus Serine protease (5.) 
(abbreviated K2$) protein or a variant or a fragment, a functional variant, an allelic variant, 
a subunit, a chemical derivative, a fusion protein or a glycosylation variant therof 
The numbering/naming of the domains is according to Genbank accession number Gl 
137119 or Nature 301 (5897), 214-221 (1983), wherein the Kringie 2 domain extends from 
amino acjd 176-262 and the protease domain from 276-527. Thus, according to the 
invention, a preferred K2S molecule may include amino acids 176-527 including the amino 
acids between Kringie 2 and the protease (amino adds 263 to 275; exemplified in fig. 
(structure A)). A K2S molecule according to the invention comprises the minimal part of 
the Kringie 2 domain and the protease domain still retaining protease activity and fibrin 
binding activity (measured as exemplified in the description/example). Said K2S molecule 
according to the invention comprises the amino acids SEGN or SEGNSD in its N-terminal 
portion (see infra), A preferred K2S molecule does not include amino acids 1 to 3 or 1 to 5 
of the tPA molecule. Preferably, a K2S molecule according to the invention has the amino 
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acid Asn at positions 177 and 184, i.e. it does not require the modifications as disclosed in 
Waldenstrom for improved producibUity with a method according to the invention. Thus, a 
preferred K2S molecule according to the invention has the native amino acid sequence (no 
mutation) as opposed to the molecules known from the prior art, Most preferred, said K2S 
s molecule according to the invention is a molecule characterized by the native amino acid 
sequence or parts thereof does neither have amino acids 1 to 3 nor 1 to 5 of tPA and 
comprises N-terminaljy the amino acids SEGN or SEGNSD for improved produribility 
and/or porrect folding of the molecule. 

It is essential that the K2S protein according to the invention comprises in its N-terminal 

w portion a peptide characterized by the amino acid sequence SEGN which advantageously 
allows commercial production with a method as described supra leading to a correctly 
folded, secreted K2S protein. Said 4 amino acids characterized by SEGN may have one or 
several amino acids more N^terminaJ, however said amino acids have to be located in the N- 
terminal portion as opposed to the C-terminal portion. Most preferably, said amino acids are 

is located at the N-terminftl portion. Preferably, the amino acids characterized by S£GN may 
be carry a point mutation or may be substituted by a non-natural amino acid. 
Thus, in another important embodiment the invention relates to a K2S protein characterized 
in that it comprises the amino acids defined by the sequence SEGN or a variant or a 
fragment, a functional variant, an allelic variant, a subunit, a chemical derivative, a fusion 

20 protein or a glycosylation variant therof. 

Such fragments are exemplified e.g. in figure 10 (Structure B-l) and figure 1 1 (Structure B- 
2) extending from amino acids 193-527, Structure B-l has the native amino acid Cys in 
position 261, wherein in B-2 the amino acid is substituted by Ser. Further fragments 
according to the invention comprising the amino acids 220-527 (fig. 14, structure C) or 

« comprising the amino acids 260-527 (fig. 15, structure D) may be modified according to the 
invention by addition of the amino acids SEGN and/or substitution of Cys-261 by Ser. The 
artisan can determine the minimal length of a K2S molecule according to the invention in 
order to retain its biological function and generate a K2S molecule with improved 
producibility and/or correct folding by adding the amino acids SEGN in the N-terminal 

so portion. Thus, another preferred embodiment is said minimal K2S molecule with SEGN at 
its N-terminal portion, 
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In another important embodiment the invention relates to a K2S protein characterized in 
that it comprises the amino acids defined by the sequence SEGNSP or a variant or a 
fragment, a functional variant, an allelic variant, a subunit, a chemical derivative, a fusion 
protein or a glycosylate variant therof. Such fragments are exemplified e.g. in figure 12 
(Structure B-3) and figure 13 (Structure B-4) extending from amino acids 191-527. 
Structure B-3 has the native amino acid Cys in position 261, wherein in B-4 the amino acid 
is substituted by Ser, Further fragments according to the invention comprising the amino 
acids 220-527 (fig. 14, structure C) or comprising the amino acids 260-527 (fig. 15, 
structure P) may be modified according to the invention by addition of the amino acids 
SEGNSP and/or substitution of Cys-261 by Ser, The artisan can determine the minimal 
length of a K2S molecule according to the invention in order to retain its biological function 
and generate a K2S molecule with improved producjpilhy and/or correct folding by adding 
the amino adds SEGNSP in the N-terminal portion. Thus, another preferred embodiment is 
said niinimal K2S molecule with SEGNSP at its N-terminal portion. 
Another more preferred embodiment of the present invention relates to a K2S protein 
comprising a protein characterized by the following amino add sequence or a variant or a 
fragment, a functional variant, an allelic variant, a subunit, a chemical derivative or a 
glycosylation variant therof: 

SEGNSDCYFGNGSAmGTHSLTESGASC^PWSME.IGKVYTAQNPSAQALGLGK 
HNYOWDGPAKPWCHVIJCNRI^ 

DIASHPWQAAIFAKHRRSPGERFLCGGI^ 

YR VWGEEEQlQ^VEKYIVHKEroDDT YDNDIALLQLKSD S SRC AQES S WRT VCL 
PPAPLQLPPWTECELSGYGKHEALSPFYSEPXK^ 

DNMLCAGDTRSGGPQANIiiDACQGDSGGPLVCLNDGRMTLVGnSWGLGCGQKD 
WGVYTKVTNYLDVVTRDNMRP* 

According to the invention, * means STOP (i.e. encoded by a stop codon). This K2S 
molecule is exemplified in figure 8. 

One variant of the K2S molecule according to the invention relates to a fusion protein of 
K2S being fused to another protein molecule. 

Another more preferred embodiment of the present invention relates to a K2S protein 
consisting of a protein characterized by the following amino acid sequence; 
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SEGNSDCYFGNGSAYRGTHSLTESGASCLPWNSMILIGKVYTAQNPSAQALGLGK 

HNTCRNPPGPAJ<PWCftVIJCNFJ^^ 

DIASHPWQAAIFAKHRRSPGERFLCGGILISSCVra^^ 

YRVWGEEEQKI^VEKYm^FDpPTYDWIALLQLKSDSSRCAQESSVVRTVCL 
PPADLQLPpWTECEkSGYGKHEA^SpFYSER^ 
PNM^CAGDTRSGGPQANLIHPACQGPSGGPL^ 
VPGVYTKVTNYLPWmpNMPvP * . 

Said K2S molecules may bp encoded by ^ PNA molecule as described supra. 

Another important aspect of the invention relates tp a PNA molecule characterized in that it 

is coding for: 

a) the Omp A protein or a functional derivative therpf operably linked to 

b) a PNA molecule coding for a polypeptide containing the kringle 2 domain and the serine 
protease domain of tissue plasminogen activator protein. 

More preferably, a PNA molecule according to the invention' is also characterised in that 

the PNA sequence comprises or consists of the following PNA sequence encoding Omp A 

and K2S or a functional variant thereof or a variant due to the degenerate nucleotide code: 

ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGTTTCGCTACCGTG 

GCCCAGGCGGCCTCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGC 

CTACCGTGGCACGCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAA 

TTCCATGATCCTGATAGGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGC 

ACTGGGCCTGGGCAAACATAATTACTGCCGGAATCCTGATGGGGATGCCAAGC 

CCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGTGATGTG 

CCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATC 

AAAGGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTT 

GCCAAGCACAGGAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCAT 

CAGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCC 

CCACCACCTGACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGG 

AGGAGCAGAAAfTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGAT 

GACACTTACGACAATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGC 

TGTGCCCAGGAGAGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTG 

CAGCTGCCGGACTGGACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGC 

CTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGTACCC 

ATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCGACAACAT 

GCTGTGTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACG 

CCTGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTG/AACGATGGCCGCATG 

ACTTTGGTGGGCATCATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCC 

GGGTGTGTACACAAAGGTTACCAACTACCTAGACTGGATTCGTGACAACATGC 

GACCG 
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Said DNA molecule encodes the following fusion protein of OmpA and K2{3. Said fusion 
protein pf OmpA and K2S characterised in that it comprises or consists of a protein 
characterised by the following amino acid sequence or a fragment, a functional variant, an 
allelic variant, a subunit, & chemical derivative or a glycosylation variant therof forms an 
j important part of the present invention; 
MKKTAIAIAVA^AGFA^ 

CSTCGIJ^QYSQPQFIUKGGLFAD 
SAAHCFQERFPPI^TVILGRT 
jo LQLKSPSSRCAQE&VVRTVC^^ 
AHVBiYFSSRCTSQHLLN^ 
LNDGJUVnXVGnSWGIXKJ 

Another preferred aspect of the invention relates to a DNA molecule according to the 
invention, characterized in that said DNA sequence b) is coding for at least 90% of the 
a amino acids 87 - 527 of the human tissue plasminogen activator protein (numbering used 
herein as GI 137119 or Nature 30J (5897), 2 1432 J (1983). 

Another preferred aspect of the invention relates to a DNA molecule according to the 
invention, characterized in that said DNA sequence b) is coding for at least 90% of the 
amino acids 1 74 - 527 of the human tissue plasminogen activator protein. 

« Another preferred aspect of the invention relates to a DNA molecule according to the 
invention, characterised in that said DNA sequence b) is coding for at least 90% of the 
amino acids 180 - 527 of the human tissue plasminogen activator protein. 
Another preferred aspect of the invention relates to a DNA molecule according to the 
invention, characterized in that said DNA sequence b) is coding for at least 90% of the 

» amino acids 220 - 527 of the human tissue plasminogen activator protein. 

Another preferred aspect of the invention relates to a DNA molecule according to the 
invention, characterized in that said DNA sequence a) is hybridizing under stringent 
conditions to the following sequence: 

ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGTTTCGCTACCGTG 
J* GCCCAGGCGGCC 

Another preferred aspect of the invention relates tp a DNA molecule according to the 
invention, characterized in that said DNA sequence a) consists of the following sequence: 
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ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGCtTTTCGCTACCGTG 
GCCCAGGCGGCC 

Another preferred aspect of the invention relates to a DNA molecule according to the 
invention, characterized in that said DNA sequence b) is hybridizing under stringent 
conditions to the Mowing sequence: 

TCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCAC 

GCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCT 

GATAGGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGG 

GCAAACATAATTACTGCCGKJAATCCTGATGQGGATGCCAAGCCCTGGTGCCAC 

OTGCTGAAGAACdGCAGGCTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCC 

ACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAAGGAGGGCT 

CTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCACAG 

GAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAGCTCCTGCT 

GGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACGACCTGA 

CGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAA 

TTTGAAGTCGAAAAATACATTGTCCATAAQGAATTCGATGATGACACTTACGAC 

AATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAG 

AGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGAC 

TGGACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGCCTTG'TCTCCTTTC 

TATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTQTACCCATCCAGCCGCTGC 

ACATCACAACATTTACTTAACAGAACAGTCACCGACAACATGCTGTGTGCTGGA 

GACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGCGA 

TTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGGTGGGCAT 

CATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTGTACACAA 

AGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCGACCGTGA 

Another preferred aspect of the invention relates to a DNA molecule according to the 

invention, characterised in that said DNA sequence b) consists of the following sequence: 

TCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCAC 

GCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCT 

GATAGGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGG 

GCAAACATAATTACTGCCGGAATCCTGATGGGGATGCCAAGCCCTGGTGCCAC 

GTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCC 
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ACCTGCCKKXTGAGACAOTACAGCCAG^ 

CTTCGCCQACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCACAG 

GAGGTCGCCCGGAGAQCGGTTCCTQTGCGGGGGCATACTCATCAGCTCCTGCT 

CKJATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGA 

CGGTGATCTTGGGCAGAACATACCGGGTGQTCCCTGqCGAGGAGGAGCAGAAA 

TTTGAAGTCGAAAAATACATTQTCCATAAGGAATTCGATGATGACACTTACGAC 

AATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAG 

AGCAWGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGAC 

TGGACGGAGTGTG/VGCTCTCCGGCTACGGCAAGCATGAGGCCTTGTCTCCTTTC 

TATTCGGAGCGGCTGAAGGACK^ 

ACATCACAACATTTACTTAACAGAACAGTCACCGACAACATGCTGTGTGC^ 

QACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCC^ 

TTCGGGAGGCCCCCTGGTOTGTCT 

CATCAGCTGGGGCCTGGGCTGTGGACAGAACKJATGTCCCGGGTGTGTACACAA 
AGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCGACCGTGA, 
Another preferred embodiment of the invention relates to a vector containing a DNA 
sequence according to the invention. 

Another preferred embodiment of the invention rentes to a vector according to the 
invention, wherein said PNA sequence is preceeded by a lac promoter and a ribosomal 
binding site. Suitable vectors according to the invention include, but are not limited to viral 
vectors such as e.g. Vaccinia, Semliki-Forest- Virus and Adenovirus, phagemid vectors and 
the like. Preferred are vectors which can be advantageously used in E. coli, but also in any 
other prokaryotic host such as pPROTetE, pPROLar. A, members of the pBAD family, pSE 
family, pQE family and pCAL. 

Another preferred embodiment of the invention relates to the vector pComb3HSS 
containing a DNA according to the invention, wherein the expression of the gp HI protein is 
suppressed or inhibited by deleting the DNA molecule encoding said gp HI protein or by a 
stop codon between the gene coding for a a polypeptide containing the kringle 2 domain 
and the serine protease domain of tissue plasminogen activator protein and the protein m 
gene. 

Another important aspect of the present invention relates to a prokaryotic host cell 
comprising a DNA molecule according to the invention, 
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Another important aspect of the pre9ent invention relates to a prokaryotic host ceil 
comprising a vector according to the invention. 

Another important aspect of the present invention relates to an E. colj host cell comprising a 
DNA molecule according to the invention. 

Mother important aspect of the present invention relates to a E. coli host cell comprising a 
vector according to the invention. 

Yet another important aspect of the present invention is the use of a DNA molecule 
according to the invention or of a vector according to the invention or a host cell according 
to the invention in a method for the production of a polypeptide having the activity of tissue 
plasminogen activator. 

Yet another important aspect of the present invention is the use according the invention as 
described above, wherein said method is a method according to the invention. 
Another very important aspect is a pharmaceutical composition comprising a substance 
obtainable by a method according to the invention and pharmaceutical^ acceptable 
excipients and carriers. An example for said substance is the K2S molecule described supra. 
The term "pharmaceutically acceptable carrier" as used herein refers to conventional 
pharmaceutic excipients or additives used in the pharmaceutical manufacturing art Such 
physiologically acceptable compounds include, for example, carbohydrates, such as glucose, 
sucrose or dextrans, antioxidants, such as ascorbic acid or glutathione, chelating agents, low 
molecular weight proteins or other stabilizers or excipients (see also e.g. Remington's 
Pharmaceutical Sciences (1990, J8th ed. Mack Publ., Easton.)). Said pharmaceutical 
composition according to the invention can be advantageously administered intravenously 
as a bolus, e.g. as a single bolus for 5 to 10 seconds intravenously. 

The invention further relates to the use of substances obtainable by a method according to 
the invention in the manufacture of a medicament in the treatment of stroke, cardiac 
infarction, any artery occlusion such as coronary artery occlusion, intracranial artery 
occlusion (e.g. arteries supplying the brain), peripherally occluded arteries, deep vein 
thrombosis or related diseases associated with unwanted blood clotting. 
The following example is intended to aid the understanding of the invention and should in 
no way be regarded as limiting the scope of the invention. 



Example l 
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MATERIALS AND METHODS 

Primer design. In or4er to amplify a specific part of tPA gene, a pair of primers SK2/174 
[5' GAGGAGGAGGT GGCCCAGGCGGCC TCTGAGGGAAACAGTCrA.C. 3'] and 
ASSP [5' GAGGAGGAGC TGGCCGGCCTGGCC CGGTCGCkTGTrTCrTC. A P.fi- 3'] 
were synthesized (Life Technologies, Grand Island, NY). These primers were designed 
based on the human tPA gene retrieved from NCBI databases (gl37119). They were 
synthesized with Sfi I end cloning sites (underlined) in such a way that the reading frame 
from the ATG of the, gpJU gene in phagemid vector, pComb3HSS, will be maintained 
throughout the inserted sequence. 

Another primer set for site-directed mutagenesis was designed to anneal at the sequence 
situated between K2S gene and gene III in pComb3H-K2S. The sequence of primers with 
mutation bases (underlined) for generating a new stpp codon were MSTPA [5 ' 
ACATGCGACCGTGACAGGCCGGCCAQ 3'] and MASTPA [5 5 
CTQGCCGCfCCTGTCACGGTCGCATGT 3']. 

Amplification of K2S gene by PCR, One SjC2/}74 **nd ASSP primers together with 50 ng 
of pSl-3 template (obtained from Dr. Ifiroshi Sasaki, Fiyisawa Pharmaceutical, Japan) were 
suspended in 100 |xl PCR mixture. An amount of 2,5 U Taq polymerase (Roche Molecular 
Biochemicals, Indianapolis, IN) was finally added to the solution, The titrated amplification 
condition was initiated with jump start at 85°C for 4 min, then denaturation at 95°C for 50 
sec, annealing at 42°C for 50 see, extension at 72°C for 1,5 min. Thirty five rounds were 
repeatedly performed. The mixture was further incubated at 72 Q C for 10 min, The amplified 
product of 1110 bp was subsequently purified by QIAquick PCR Purification Kit 
(QIAGEN, Hilden, Germany). The correctness of purified product was confirmed by 
restriction enzymes. 

Construction of phagemid expressing K2S. The purified PCR product of K2S and 
pComb3HSS phagemid (kindly provided by Dr. Carlos F. Barbas, Scripps Institute, USA) 
were digested with Sfi I (Roche Molecular Biochemicals, Indianapolis, IN) to prepare 
specific cohesive cloning sites. Four |4g of the purified PCR product was digested with 60 U 
of Sfi I at 50°C for 18 h. For pCombSHSS, 20 fig of phagemid vectors were treated with 
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100 U of Sfi I, Digested products of purified PCR product of K2S and pComb3HSS (-3300 
bp) were subsequently gel-purified by the QlAquick Gel Extraction Kit (QIAGEN, HUden, 
Germany). T4 Jigaae (Roche Molecular Biochemicajs, Indianapolis, IN) of 5 U were 
introduced to the mixture of 0.7 ^g of purified Sfi I-digested pComb3HSS and 0.9 ug of 
purified Sfi I-digested PCR product. Ligation reaction was incubated at 30°C for 18 h The 
newly constructed phagernid was named pComb3H-K2S. 

Transformation of XL-1 Blue, Two hundred uJ of CaCl 2 competent E. coli XL-1 Blue 
(Stratagene, La Jolla, CA) were transformed with 70 ng of Jigated or mutated product. The 
transformed cells were propagated by spreading on LB agar containing 100 ug/ml ampicillin 
and 10 f+g/ml tetracycline (Sigma, Saint Louis, MO). After cultivation at 3 7°C for 18 h 
several antibiotic resistant Polonies were selected for plasmid minipreps by using the alkaline 
lysis method. Each purified ptesmid was subjected to Sfi I restriction site analysis. A 
transformant harboring plasmid with the correct Sfi I restriction site(s) was subsequently 
propagated for 18 h at 37"C in 100 ml LB broth with ampicillin 100 ug/ml and tetracycline 
10 ug/ml. A plasmid maxiprep was performed using the QIAGEN Plasmid Maxi Kit 
(QIAGEN, Hilden, Germany). The purified plasmid was reexamined for specific restriction 
sites by Sfi I and sequenced by AmpIiTaq DNA Polymerase Terminator Cycle Sequencing 
Kit (The Perkjn-Elmer Corporation, Forster City, CA). 



Site-directed mutagenesis of pComb3H-K2S, 10 ng of pComb3H-K2S template were mixed 
with 125 ng of MSTPA and MASTPA primers. PJUTurbo DNA polymerase (Stratagene, LA 
Jolla, CA) of 2.5 U was added to the mixture for cycle amplification. The reaction started 
with one round of 95°C for 30 pec. Then it was followed by 16 rounds consisting of 95°C 
for 30 sec, 55°C for 1 min, and 68°C for 9 min. The reaction tube was subsequently placed 
on ice for 2 min. In order to destroy the template strands, 10 U of Dpn 1 restriction enzyme 
(Stratagene, LA Jolla, CA) were added to the amplification reaction and incubated for 1 h at 
37°C. This synthesized product (MpComb3H-K2S) was fiuther used to transform E. coli 
XL-1 Blue. 

Preparation of phage-display recombinant-K2S. After pComb3H-K2S was transformed to 
XL-1 Blue, the phage display technique was performed. A clone of pComb3H-K2S 



m 




Boehringer Ingelheim International GmbH 



Case 1-1170 



19 



transformed XL-1 Blue was propagated in 10 ml super broth containing ampicillin 100 
^g/mJ and tetracycline 10 Hg/ml at 3TC mxtil the Ojp. [600 nm] of 1.5 was reached. The 
bacterial culture was subsequently propagated in 100 ml pf the same medium and culture for 
2 h. An amount of J0 W pfu of VCSM13 helper phage (Stratagene, La Jolla, CA) was used 

s to infect the transformed XL-1 Blue. After 3 h incubation, kanamycin at a final 
concentration of 70 final concentration was added to culture. The culture was left 
shaking (200 RPM) for 18 h at 37 D C. Bacteriophages whiph harbored K2S on gp3 (K2S-<|>) 
were then harvested by adding 4 a /q w/v PpG MW 8000 (Sigma, Saint Louis, MO) and 3% 
w/v NaCl. Finally, the, harvested phage was resuspended in 2 ml PBS pH 7.4. The phage 

to number w&s determined by infecting XL-1 Blue. The colony-forming unit per milliliter 
(pfu/ml) was calculated as despribed previously (21). 

Expression of recombinant-K2S in shaker flasks. MpComb3H-K2S transformed XL-1 Blue 
was cultivated in 100 ml super broth (3% w/v tryptone, 2% w/v yeast extract and 1% w/v 

js MOPS) at pH 7.0 in the presence of ampicillin (100 fig/ml) at 37°C until an O.D. [600 nm] 
of 0,8 was reached. Subsequently, the protein synthesis was induced by 1 mM of IPTG 
(Promega, Madison, WI). The bacteria were further cultured shaking (200 RPM) for 6 h at 
30°C. The culture supernatant was collected and precipitated with 55% saturated 
ammonium sulfate (32). The precipitate was reconstituted with PBS, pH 7.2, and dialysed in 

so the same buffer solution at 4 Q C for 18 h. Periplasmic proteins from bacterial cells were 
extracted by using a chloroform shock as previously described by Ames et al. (2). 

Immunoassay quantification of recombinantJ<2S. In order to detect r-K2S, solid phase was 
coated with monoclonal anti-kringle 2 domain (16/B) (generously provided by Dr. Ute 

2$ Zacharias, Central Institute of Molecular Biology, Berlin-Buch, Germany). The standard 
ELISA washing and blocking processes were preformed. Fifty |il of 10 11 cfu/ml of K2S-<j) or 
secretory r-K2S were added into each anti-kringle 2 coated well. Antigen-antibody 
detection was carried out as follows. Either sheep anti-M13 conjugated HRP (Pharmacia 
Biotech, Uppsala, Sweden) or sheep anti-tPA conjugated HRP (Cedarlane, Ontario, 

bo Canada), was added to each reaction well after the washing step. The substrate TMB was 
subjected to every well and the reaction was finally ceased with H2SO4 solution after 30 min 
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incubation. The standard melanoma tPA 86/670 (National Institute for Biological Standards 
and Control, Hertfordshire, UK) was used as positive control. 

Amidolytic activity assay. A test kit for the detection of tPA amidolvtic activity was 
purchased from Chromogenix (Molndal, Sweden), The substrate mixture containing 
plasminogen and S-2251 was used to determine serine protease enzymatic activity. The 
dilution of io- 2 of each ammonium precipitated sample was assayed with and without 
stimulator, human fibrinogen fragments. Tfce assay procedure was according to the 
coASETt-PA manual. 

t 

i 

SDS-PAGB and immunoblotting. The dialysed precipitate-product from culture 
supernatant was further concentrated 10 folds with centricon 10 (AMICON , Beverly, 
MA), The concentrated sample was subjected to protein separation by SDS-PAGE, 15% 
resolving gel, in the reducing buffer followed by electroblotting to nitrocellulose. The 
nitrocellulose was then blocked with 4% skimmed milk for 2 hr. In order to detect r-K2S, a 
proper dilution of sheep anti-tPA conjugated HRP was applied to the nitrocellulose. The 
immunoreactive band was visualized by a sensitive detection system, Amplified Opti-4CN 
kit (BIORAD, Hercules, CA). 

Copolymerized plasminogen polyacrylamide gel electrophoresis. An 11% resolving 
polyacrylamide gel was copolymerized with plasminogen and gelatin as previously described 
by Heussen et al. (14). The stacking gel was prepared as 4 % concentration without 
plasminogen and gelatin. Hectrophoresis was performed at 4°C at a constant current of 8 
mA. The residual SDS in gel slab was removed after gentle shaking at room temperature for 
lh in 2.5% Triton X-100. Then the gel slab was incubated in 0.1 M glydne-NaOH, pH 8.3, 
for 5 h at 37*0. Finally, the gel slab was stained and destatned by standard Coomassie 
brilliant blue (R-250) dying system. The location of the peptide harboring enzymatic activity 
was not stained by dye in contrast to blue-paint background. 

RESULTS 

Construction of K2S gene carrying vector. From the vector p5l-3 we amplified the 
kringle 2 plus ther serine protease portion of tPA (Ser m in kringle 2 domain to Pro 527 in the 
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serine protease) using primers SK2/174 and ASSP. The amplified 1 110 bp product was 
dernonstrated by agarose gel electrophoresis (F ig . j, Me 2) and W3S ^ 
pComb3HSS phagemid by double Sfi I cleavage sites on 5' and 3' ends in the correct 
reading frame. Thus a new vector, pComp3H.K2S, harboring the K2S was generated. In 
this vector K2S is flanked upstream by the OmpA signal sequence and donwstream by gp3. 
The correct insertion of K2S was verified both by restriction analysis with Sfi I (Fig. 2, lane 
3), PCR-anaysis (demonstration of a single band at 1110 bp), and DNA sequencing. The 
schematic diagram of pComb3H-K2S map is given in Fig. 3. 

Fhage-displayed r-K2S. VCSM13 filamentous phage was used to infect P Comb3H- 
K2S transformed XL-l Blue, X[K2SJ. VCSM13 was propagated and incorporated the 
K2S-gp3 fusion protein during the viral packaging processes. The harvested recombinant 
phage (K2S-<f>) gave a concentration of 5.4 x 10» 1 pfu/ml determined by reinfecting XL-l 
Blue with PEG-precipitated phages. These recombinant phage particles were verified for the 
expression of r-K2S by sandwich EJUS A, The phage-bound heterologous K2S protein was 
recognized by the monoclonal anti-kringle 2 antibody (167B) by using sheep anti-tPA 
conjugated HRF antibody detection system. The absorbance of this assay was 1.12 ± 0.03 
(Table 1). The amount of K2S detectable on 1Q 12 phage particles is equal to 336 ng of 
protein in relation to the standard melanoma tPA. In order to corroborate that K2S-gp3 
fusion protein was associated with phage particles, sheep anti-tPA conjugated HRP 
antibody was substituted by sheep anti-M13 antibody conjugated HRP. This immuno- 
reaction exhibited an absorbance of 1.89 ± 0.07 (Table 1). In contrast, if the capture 
antibody was sheep anti-MJ3 antibody, extremely low K2S was observed with sheep anti- 
tPA antibody conjugated HRP; the absorbance was only 0.17 ± 0.01 (Table 1). This 
suggested that only a minority of purified phage particles carried K2S-gp3 fusion protein. 
VCSM13 prepared from non-transformed XL-l Blue was used as a negative control. 

Construction of MpComb3H-K2S. We generated a stop codon between K2S and gp3 
in pComb3H-K2S with the aid of the mutagenic primers (MS TPA and MASTPA) (Pig. 4). in 
order to enrich the newly synthesized and mutated MpComb3H-K2S, the cycle 
amplification mixture was thoroughly digested with Dpn I to degrade the old dam 
methylated pComb3H-K2$ template (Dpn I prefers dam methylated DNA). After 
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transforming of XL-1 Blue with MpComb3H-K2S, a transfbrmant XM[K2S] was selected 
for further stuoy, As a consequence of bp substitution, one Sfi I cleavage site close to the 3' 
end" of K2S gene was lost after site-directed mutagenesis. A linear version of Sfi I cleaved 
MpComb3H-K2S was observed at 4319 bp without the appearance of inserted K2S gene 
fragment (Fig, 5, lane 3). Thus, theK2S gene encoding by MpComb3H-K2S was expressed 
in pon-gp3 fusion form in XM[K2S]. 

Expression and purification of K2S, K2S expression in XM[K2S] was induced by 
JPTG. r-K2S was detectable by using ELISA faoth in the partpfomic space and in the 
culture supernatant .'The amount of the heterologpus protein in each preparation was 
determined by sandwich ELJSA and related to the standard tPA. From 100 ml of the 
bacterial culture in shaker flask with the cm [600 nm] of 50, the periplasm^ fraction 
yielded 1.38 ug of r-K2S (approximately 32%) whereas 2.96 \ig of r-£2S (approximately 
68%) was obtained in the ammonium precipitated culture supernatant. Sandwich ELISA 
was used to verify the PEG precipitated phage from VCSM13 infected XM[K2S]. No r- 
K2S captured by monoclonal antt-kringle 2 antibody was detected by anti-M13 conjugated 
f*RP, indicating that K2S is not presented on the phage particles if gp3 is missing. 

Amidolytic activity measurement. If serine protease domain is present in the sample, 
plasminogen will be converted to plasmin. The produced plasmin will further digest the S- 
2251 substrate to a colour product, p-ro^oamUne, which has a maximum absorbance at 405 
nm. The specific activity of the recombinant product is in accord with the absorbance. The 
fibrinogen-dependent enzymatic activity of each sample i.e. K2S-<|>, periplasmic r-K2S or 
culture supernatant r-K2S, was evaluated and compared. Both K2S-<> and periplasmic r- 
K2S illustrated notably low enzymatic activity, which was below the sensitivity of the test 
(0.25 IU/ml). The culture supernatant T-K2S gave the fibrinogen-dependent enzymatic 
activity of 7 IU/ml. Thus, from J00 ml culture we obtained a total of 700 IU enzymatic 
activity. Without fibrinogen no enzymatic activity of the r-K2S purified from culture 
supernatant was observed - whereas standard melanoma tPA showed some activity. 



Demonstration of recombinant protein by irnmunoblotting. Partially purified K2S from 
culture supernatant of XM[K2S] revealed a molecular mass of 39 kDa by using sheep anti- 
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tPA antibodies (Fig. 6). The negative control, partially purified culture supernatant of non- 
transformed XLl-BJue, contained no reactive band with a similar size. 



Localization of active enzyme by PAGE. The plasminogen has been copolymerized and 
i immobilized with gelatin in the polyacrylamide gel prior to electrophoresis. The ammonium 
sulfate precipitated culture supernatants of XL-i Blue, XL-1 Blue transformed with 
pComb3HSS and XM[K2S] were analyzed (Fig. 7). AU samples were processed in non- 
reducing condition to preserve the correct conformation and activity of the serine protease 
domain. Transparent areas of serine protease digested plasminogen were observed only in 
io the ammonium sulfate* precipitated culture supernatants of XMfK2S] at 34 and 37 kDa 
postions- The other samples gave no clearing zones. The positive control lane of standard 
melanoma tPA also demonstrated enzymatic activity at 66 and 72 kPa positions, 
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i FIGURE LEGENDS 

FIG, 1. Validation of PGR amplification product of the K2S gene from the p51-3 vector by 
using SK2/174 and ASS? primers, Lane 1 shows 1 kb marker (Roche Molecular 
Biochemicals, Indianapolis, IN). Lane 2 was loaded with I (4-1 of amplified product. A single 
band at 1110 bp is depicted. The electrophoresis was performed on a 1% agarose gel. 



FJG. 2. Identification of inserted K2S gene at 1 1 10 bp (*) after Sfi I digested pComb3H- 
K2S was demonstrated in lane 3. Lane 1 shows 1 kb marker. Lane 2 was loaded with uncut 
pComb3H-K2S. The electrophoresis was performed on a 1% agarose gel. 

is FIG. 3, Scheme of pComb3H-K2j5 showing two Sfi I cloning sites into which the K2S gene 
was inserted. Signal sequence (OmpA), ribosome binding site (RIBS), lac promotor, and 
gpm gene are also depicted. 

FIG. 4. Schematic diagram of the mutation site at the junction between the K2S and gpm 
*> genes on pComb3H-K2S. The annealing site of pCpmb3H-K2S is bound with a set of 
mutation primers (MSTPA and MASTPA) containing modified oligonucleosides 
(underlined). After performing the cycle amplification, the Sfi I site 1 (in bold) is modified 
and lost in the newly synthesized strand. 

75 FIG. 5. Characterization of newly synthesized MpComb3H-K2S by the Sfi I restriction 
enzyme, A single band at 4319 bp that refers to a siqgle cleavage site of MpComb3H-K2S 
is observed in lane 3, No inserted K2S band at 1110 bp can be visualized. Lane 1 shows 1 
kb marker. Lane 2 was loaded with uncut MpComb3H-K2S. The electrophoresis was 
performed on a 1% agarose gel, 

so FIG. 6. Identification of immunological reactive band with of recombinant DNA-derived 
protein purified from XM[K2S] culture supernatant with sheep anti-tPA conjugated HRP. 
Lane 1 was loaded with 40 ng of standard melanoma tpA (86/670), which showed the 



so 
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reactive band at 70 kDa. The partially purified and concentrated culture supernatants from 
nori-transforme4 XL1- BJue and XM[K2S] were applied to lane 2 and 3 respectively. The 
distinct reactive band was particularly demonstrated in Jane 3 at 39 icDa. 

FIG. 7. Molecular weight determination of extracellular r-K2S harboring active serine 
protease domain by copolymerized plasminogen polyacrylamide gel electrophoresis. Lane 1 
contained the indicated molecular weight standards (x 10" 3 ), SDS-6H (Sigma, Saint Louis, 
MO). Fifty y.g of the 55% saturated ammonium sulfate precipitated culture supernatant of 
XL-1 Blue, XM Blue transformed with pComb3HSS, and XM[K2S] were loaded in lane 2, 
3, and 4 respectively. Lane 5 contained 50 mlU of standard melanoma tPA (86/670). 
Transparent zones of digested plasminogen in polyacrylamide gel are visible only in lane 4 at 
molecular weight of 34 and 37 kPa (B) and lane 5 at molecular weight of 66 and 72 kDa 
(A). 

FIG. 8. Structure A 

Native K2S molecule from amino acids 174-527 without modification. 
FIG. 9. Structure B-0 

Native K2S molecule from amino acids 197-527 without modification. 
FIG. 10, Structure B-l 

K2S molecule from amino adds 193-527, wherein to Structure B-0 of Fig. 9 the amino 
adds SEGN were added at the N-terrainal portion. 

FIG, 11. Structure B-2 

K2$ molecule from amino acids 193-527, as in Fig. 10, wherein Cys-261 was exchanged for 
Ser. 

FIG. 12. Structure B-3 

K2S molecule from amino adds 191-527, wherein to Structure B-0 of Fig. 9 the amino 
adds SEGNSD were added at the N-terminal portion, 
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FIG. 13. Structure B-4 

K2S molecule from amino acids 191-527, as in Fig. 12, wherein Cys-261 was exchanged for 
Ser. 

FJG, 14. Structure C 

Native K2S molecule from amino adds 220-527 without modification. This molecule may 
be further modified in a similar manner as disclosed for structure B in figures 10-13. 

FIG. 15. Structure D 



Native K2S molecule 'from amino acids 260-527 without modification. This molecule 
be further modified in a similar manner as disclosed for structure B in figures 10-13. 

FIG. 16. tPA molecule 

TABLE 1 . Detection of r-K2S molecule in phage preparation by sandwich ELISA 



Tracer antibody (conjugated HRP) 



Capture antibody 




K2S-<|> VCSM13" K2S-<j) VCSM13 



AntUkringle 2 b 



1.12 ±0.04° 0.12 ±0.03 1.89 ±0.02 0.16 ±0.02 



Anti-M13 



0.17 ±0.01 0.14 ±0.05 1.91 ±0.02 1.88 ±0.03 



* VCSM13 was harvested from XL-1 Blue transformed with pComb3HSS. 
b Mouse monoclonal anti-kringle 2 (16/B) was used. The other antibodies were 



prepared from sheep immunoglobulin. 
c Value is mean of absorbance of each sample which was assayed in triplicate. 



Boehnnger Ingelheim International GmbH 

30 

Claims 



Case 1-1170 



1. Method for the production of recombinant DNA-derived tissue plasminogen activator 
(tPA), a tPA variant, a Kringle 2 Serine protease molecule (K2S) or a K2S variant in 
prokaryotic cells, wherein said tPA, tPA variant, K2JS molecule or K2S variant is secreted 
extracellularly as an active and correctly folded protein, characterized in that the 
prokaryotic cell contains and expresses a vector comprising the DNA coding for said tPA, 
tPA variant, K2S molecule or K2S variant operably linked to the DNA coding for the signal 
peptide OmpA or a functional derivative thereof. 

2. Method according to claim 1, characterised in that said the prokaryotic cell contains and 
expresses a vector comprising the DNA coding for said tPA, tPA variant, K2S molecule or 
K2S variant operably linked to the DNA coding for the signal peptide OmpA which is 
operabjy linked to the nucleic acid molecule defined by the sequence 
TCTGAGGGAAACAGTQAC or a functional derivative thereof. 

3. Method according to claim 1 or 2, characterised in that the prokaryotic cell is E. coli. 

4. Method according to one of claims 1 to 3, characterised in that the the following steps 
are carried out: 

a) the DNA encoding the tPA, tPA variant, K2S molecule or K2S variant is amplified by 
PCR; 

b) the PCR product is purified; 

c) said PCR product is inserted into a vector comprising the DNA coding for OmpA signal 
peptide and the DNA coding for gpIH in such a way that said PCR product is operably 
linked upstream to the DNA coding for the OmpA signal sequence and linked downstream 
to the DNA coding for gplH of said vector; 

d) that a stop codon is inserted between said tPA, tPA variant, K2S molecule or K2S 
variant and gpHI; 

e) said vector is expressed by the prokaryotic cell; 

f) the tPA, tPA variant, K2S molecule or K2jS variant is purified, 

5. Method according to one of claims 1 to 4, characterised in that the vector is a phagemid 
vector comprising the DNA coding for OmpA signal peptide and the DNA coding for gpm. 

6. Method according to one of claims 1 to 5, characterised in that the vector is the 
pComb3HSS phagemid. 



Boehringer Ingelheim International GmbH Case 1-1 170 

31 

7. Method according to one of claims 1 to 6, characterise^ in that the DNA Sequence of 
OmpA linked upstream to K2S comprises the following sequence or a functional variant 
thereof or a variant due to the degenerate nucleotide coije: 

ATGAAAAAGACAGCTATCGCGATTQCAGTGOCACTQGCTGGTTTCGCTACCGTG 

QCCCAG(KGQCCTCTGAG<HiAAACA<jrGACTCKyTACTITQGGAATGGQ'TCAGC 

CTACCGTGGCACGCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAA 

TTCCATGATCCTGATAGeCAAGaTTTACACAGCACAGAACCCCAGTGCCCAGGC 

ACTGGGCCTGGGCAAACATAATTACTGCCGGAATCCTGATGGGGATGCCAAGC 

CCTGGTGXDCACGTG^TGAAQAACXIGCAGGCTGACGTGGGAGTACTGTGATGTG 

ccctcctgctccacctgcggcctgagacagtacagccagcctcagtttcgcatc 

aaaggagggctcttcgccgacatok:ctcccacccctggcaggctgccatcttt 

gccaagcacaggaggtcgcccggagagcgottcctgtgcgggggcatactcat 

cagctcctgctgg/Attctctctgccgcccactgcttccaggagaggtttccgcc 

ccaccacctgacggtgatcttgggcagaacataccgggtggtccctggcgagg 

aggagcagaaatttgaagtcgaaaaatacattgtccataaggaattcgatgat 

GACACTTACGACAATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGC 

tgtgcccaxsgagagcagcgtggtccgcactgtgtgccttcccccggcggacctg 

cagctgccggactggacggagtgtgagctctccggctacggcaAgcatgaggc 

cttgtctcctttctattcggagcggctgaaggaggctcatgtcagactgtaccc 

ATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAQTCACCGACAACAT 

gctgtgtgctggagacactcggagcggcgggccccaggcaaacttgcacgacg 
cctgccagggcgattcgggaggccccctggtgtgtctgaacgatggccgcatg 
actttggtgggcatcatcagctggggcctgggctgtggacagaaggatgtccc 
gggtgtgtacacaaaggttaccaactacctagactggattcgtgacaacatgc 

GACCG 



8. Method according to one of claims 1 to 7, characterised in that the DNA Sequence of 
OmpA comprises the following sequence: 

ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGTTTCGCTACCGTG 
GCCCAGGCGGCC 

9. Method according to one of claims 1 to 8, characterised in that the DNA Sequence of 
OmpA consists of the following sequence: 

ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGTTTCGCTACCGTG 
GCCCAGGCGGCC 

10. Method according to one of claims I to 9, characterised in that the DNA of the tPA 
tPA variant, K2S molecule or K2S variant is preceeded by a lac promotor and/or a 
ribosomal binding site. 

11. Method according to one of claims 1 to 10, characterised in that the DNA coding for 
the tPA, tPA variant, K2S molecule or K2f» variant is selected from the group of DNA 
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molecules coding for at least 90% of the amino acids 87 - 527, 174 - 527, 180 - 527 or 
220 - 527 of the human tissue plasminogen activator protein. 

12. Method according to one of claims 5 to U, characterised in that the DNA Sequence of 
K2S comprises the following sequence or a functional variant thereof or a variant due to the 
degenerate nucleotide code: 

TCTGAqGGAAACAGTaACTGCTACTTTGGaAATGGOTCAGCCTACCGTGGCAC 

GCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCT 

GATAGGCAAGXjTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGG 

GCAAACATAATTACTGCCGGAATCCTGATGGGGATGCCAAGCCCTGGTGCCAC 

GTGCTGAAGAACCGCAqGCTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCC 

ACCTGCGGGCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAAGGAGGGCT 

CTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCACAG 

GAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAGCTCCTGCT 

GGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGA 

CGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAA 

TTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGAC 

AATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAG 

AGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGAC 

TGGACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGCCTTGTCTCCTTTC 

TATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGTACCCATCCAGCCGCTGC 

ACATCACAACATTTACTTAACAGAACAGTCACCGACAACATGCTGTGTGCTGGA 

GACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGCGA 

TTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGGTGGGCAT 

CATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTGTACACAA 

AGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCGACCGTGA 

13. Method according to one of claims 5 to 12, characterised in that the DNA Sequence of 

K2S consists of the following sequence: 

TCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCAC 

GCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCT 

GATAGGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGG 

GCAAACATAATTACTGCCGGAATCCTGATGGGGATGGCAAGCCCTGGTGCCAC 

GTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCC 
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ACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAAGGAGGGCT 

CTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCACAG 

GAGGTCGCCCGGAGAGCGQTTCCTGTGCGGGGGCATACTCATCAGCTCCTGCT 

GGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGA 

CGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAA 

TTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGAC 

AATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAG 

AGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGAC 

TGGACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGCCTTGTCTCCTTTC 

TATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGTACCCATCCAGCCGCTGC 

ACATCACAACATTTACTTAACAGAACAGTCACCGACAACATGCTGTGTGCTGGA 

GACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGCGA 

TTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGGTGGGCAT 

CATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTGTACACAA 

AGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCGACCGTGA 

14 DNA molecule characterised in that it is coding fpr: 

a) the OmpA protein or a functional derivative therof pperably linked to 

b) a DNA molecule coding for a polypeptide containing the kringle 2 domain and the serine 
proteose domain of tissue plasminogen activator protein. 

15, PNA molecule according to claim 14, characterised in that said DNA sequence 
comprises the following sequence or a functional variant thereof or a variant due to the 
degenerate nucleotide code: 

ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGTTTCGCTACCGTG 

GCCCAGGCGGCCTCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGC 

CTACCGTGGCACGCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAA 

TTCCATGATCCTGATAGGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGC 

ACTGGGCCTGGGCAAACATAATTACTGCCGGAATCCTGATGGGGATGCCAAGC 

CCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGTGATGTG 

CCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATC 

AAAGGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTT 

GCCAAGCACAGGAGGTCGCCCGQAGAGCGGTTCCTGTGCGGGGGCATACTCAT 

CAGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCC 

CCACCACCTGACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGG 

AGGAGCAGAAATTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGAT 

GACACTTACGACAATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGC 

TGTGCCCAGGAGAGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTG 

CAGCTGCCGGACTGGACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGC 
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CTTQTCTCCTTTCTATTCQGAGCGGCTQAAGGAGGCTCATQTCAGACTC3TACCC 

ATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCGACAACAT 

GCTGTGTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACG 

CCTGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATG 

ACTTTGGTGQGCATCATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCC 

GGGTGTGTACACAAAGGTTACCAACTACCTAGACTGGATTCGTGACAACATGC 
GACCG 

16. DNA molecule according to claim 14 or 15, characterized in that said DNA sequence 
consists pf the following sequence: 

ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGTTTCGCTACCGTG 

GCCCAGGCGGCCTCTGAGjSaAAACAGTGACTGCTACTTTGGGAATGGGTCAGC 

CTACCGrGGCACGCACAGCCTCACCGAGTCGGaTGCCTCCT-SCCTCCCGrGGAA 

TTCCATGATCCTGATAGGCAAGCmTACACAGCACAGAACCCCAGTGCCCAGGC 

ACTGGGCCTGGGCAAACATAATTACTGCCGGAATCCTGATGGGGATGCCAAGC 

CCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACG/TGGGAGTACTGTGATGTG 

CCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATC 

AAAGGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTT 

GCCAAGCACAGGAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCAT 

CAGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCC 

CCACCACCTGACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGG 

AGCrAGCAGAAATTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGAT 

GACACTTACGACAATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGC 

TGTGCCCAGGAGAGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTG 

CAGCTGCCGGACTCKrACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGC 

CTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGTACCC 

ATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCGACAACAT 

GCTGTGTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACG 

CCTGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATG 

ACTTTGGTGGGCATCATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCC 

GGGTGTGTACACAAAGGTTACCAACTACCTAGACTGGATTCGTGACAACATGC 
GACCG 

17. DNA molecule according to one of claims 14 to 16, characterized in that said DNA 
sequence b) is coding for at least 90% of the amino acids 87 - 527 of the human tissue 
plasminogen activator protein. 

18. DNA molecule according to one of claims 14 to 17, characterized in that said DNA 
sequence b) is coding for at least 90% of the amino acids 174 - 527 of the human tissue 
plasminogen activator protein. 

19. DNA molecule according to any one of claims 14 to 18, characterised in that said DNA 
sequence b) is coding for at least 90% of the amino adds 180 - 527 of the human tissue 
plasminogen activator protein. 
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20. DNA molecule according to any one of claims 14 to 19, characterized in that said DNA 
sequence b) is coding for at least 90% of the amino acids 220 - 527 of the human tissue 
plasminogen activator protein- 

2 J, DNA molecule according to any one of claims 14 to 20, characterized in that said DNA 
i sequence a) is hybridizing under stringent conditions to the following sequence: 

ATQAAAAAGACAC^TATCGCGATTGCAQTGGCACTGGCTGGTTTCGCTACCGTG 
GCCCAGGCGGCC 

22. DNA molecule according tQ any one of claims 14 to 2 J, characterized in that said DNA 
sequence a) consists of the following sequence: 

jo ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGTTTCGCTACCGTG 
GCCCAGGCGGCC 

23. DNA molecule according to any one of claims H to 22, characterized in that said DNA 
sequence b) is hybridizing under stringent conditions to the following sequence: 
TCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCAC 

« GCACAGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCT 
GATAGGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGG 
GCAAACATAATTACTGCCGGAATCCTGATGGGGATGCCAAGCCCTGGTGCCAC 
GTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCC 
ACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAAGGAGGGCT 

» CTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCACAG 
GAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAGCTCCTGCT 
GGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGA 
CGOTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAA 
TTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGAC 

* AATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAG 
AGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGAC 
TGGACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGCCTTGTCTCCTTTC 
TATTCGGAGCGGCTGAAGGAGGCTCATGTCAGACTGTACCCATCCAGCCGCTGC 
ACATCACAACATTTACTTAACAGAACAGTCACCGACAACATGCTGTGTGCTGGA 

» GACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGCGA 
TTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGGTGGGCAT 
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CATCAGCTGCKKK:CT(^TGTGGACAGAAC3GATGTCCCGGGTGTGTACACAA 

AGGTTACCAACTACCTAGACTGGATTCGTGACAACATGCGACCGTGA 

24. DNA molecule according to any one of claims 14 to 23, characterised in that said DNA 

sequence b) consists of the Mowing sequence: 

s TCTGAGGGAAACAGTGACTGCTACTTTGG<3AATGGGTCAGCCTACCGTGGCAC 
GCACAGCCTCACCGAGTCCK3GTGCCTCCTGCCTCCCGTGGAATTCCATGATCCT 
GATAGGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGG 
GCAAACATAATTACTGCCQGAATCCTGATGGGGATGCCAAGCCCTGGTGCCAC 
GTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGTGATGTGCCCTCCTGCTCC 
« ACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAAGGAGGGCT 
CTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCACAG 
GAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAGCTCCTGCT 
GGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGA 
CGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAA 
« TTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGAC 
AATGACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAG 

agcagcgtckjtccck:actgtgtgccttcccccckm:ggacctgcagctgccggac 

TGGACGGAGTGTGAGCTCTCCGGCTACGGCAAGCATGAGGCCTTGTCTCCTTTC 

tattcggack:ggctgaaggaggctcatgtcagactgtacccatccagccgctgc 
* acatcacaacatttacttaacagaacagtcaccgacaacatgctgtgtgctgga 
gacactcckjac^ggcckjgccccaggcaaacttgcacgacgcctgccagggcg 
ttcgggaggccccctc^tgtgtctgaacgatggccgcatgactttggtgggcat 
catcack:tggggotck^tgtggacagaaggatgtcccgggtgtgtacacaa 
aggttaccaactacctagactggattcgtgacaacatgcgaccgtga 

« 25. Fusion protein of OmpA and K2S, characterised in that it comprises a protein 
characterized by the following amino acid sequence or a fragment, a functional variant, an 
allelic variant, a subimit, a chemical derivative or a glycosylate variant therof: 

mkktaiauvalagfatvaqaasegnsdcyfgngsayrgthsltesgasclpwns 
mojgkvytaqnpsaqalgixj^^ 

" cstcgi^qysqpqfrikgglfadiashpwqaaifakhrrspgeri^cggilisscwil 

SAAHCFQERPPPHHLTmGRTYRVWGEEEQKFEVBKYIVHKEroDD 

lqlksdssrcaqessvvrtvcij^^^ 
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AHVRLYPSSRCTSQHLLmTVTXJWMLCAGDTRSGGPQAI^HDACQGDSGGPLVC 
1-WGRMTLVGIISWGLGCGQKBWGV^ 

26. Fusion protein of QmpA and K2S according to claim 25, characterised in that it consists 
of a protein characterized by the following amino acid sequence: 

MKICTAIAIAVALAGFATVAQAASEGNSPCYFQNGSAYRGTHSLTE$GASCLPWNS 
^IGKVYTAQNPSAQALG^GKHNYCR^ 

CSTCGI^QYSQPQ|^G^I4?ADUSHPWQAAIFAKHRRSPGERI^CGGE,ISSC\^ 
SAAHCFQERFPFJ^TVJUmTYRVTPGE^^ 

LQLKSPSSRCAQESSVVRTVCU»PAPLQLPDWTECELSGYGKHEAr.SPFYSERLKE 

AtJWYPSSRCTSQftU^T 

WDGRMTLVGIKWGkGCGQI^ 

27. K2S protein, characterised in that it comprises a protein defined by the sequence SEGN 
and a or a variant or a fragment, a functional variant, an allelic variant, a subunit, a chemical 
derivative, a fusion protein or a glycosylation variant therof. 

28. K2S protein according to claim 27, characterised in that it comprises a protein defined 
by the sequence SEGNSD and a or 4 variant or a fragment, a functional variant, an allelic 
variant, a sub-unit, a chemical derivative, a fusion protein or a glycosylation variant therof 

29. K2S protein according to claim 28 or 29, characterised in that it comprises a protein 
characterized by the following amino acid sequence or a fragment, a functional variant, an 
allelic variant, a subunit, a chemical derivative or a glycosylation variant therof: 
SEGNSPCYFGNGSAYRGTHSLTESGASCLPWNSMILIGKVyTAQNPSAQALGLGK 
Hm^CB^DGDAKPWCHVXKNRRLTWEYCDWS 
DIASHPWQAAIFAKHRRSPGEREIXJGGIUSSC^ 
YRWPGEEEQKFEVEKYTvTIKEroDDTY^^ 

PP ADLQLPD WTECEL S GYGKHE ALSPF Y SERLKE AHVRL YP S SRCT S QHLLNRT VT 

DNMJXAGDTRSGGPQANrJTOACQGDSGGPLVCLNDGRMTLV 
WG VYTK VT>TYLD WIRDNMRP * 

30. K2S according to any one of claims 27 to 30, characterised in that it consists of a 
protein characterized by the following amino acid sequence; 

SEGNSDCYFGNGSAYRGTHSLTESGASCU'TOSMILIGKVYTAQNPSAQALGLGK 
HNY CRNPDGD AKP WCHVIJO^RRLTWE YCD VPS CS TCGLRQ Y$ QPQFRIKGGLFA 
DlA$HPWQAAIFAKHRRSPGERFLCGGIUSiSCWIl-SAAyCFQERFPPHHLTmGRT 
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YRVWGEEEQKE^VEKYIVHKEFPDDTyDNDIALLQLKSDS SRCAQES S WRT VCL 
PPADLQLPDWT3CeLSGYGKHEALSPPySBRL^AHVRLYPSSRCTSQHLLNRTVT 

VPGVYTKVTNYXDWIfaDNMRP + 

3 1 . A vector containing a DNA sequence according to any one of claims 14 to 24. 

32. A vector according to claim 31, wherein said DNA sequence is preceded by a lac 
promoter and a ribosomal binding site, 

33. The vector P Comb3HSS containing a DNA according to any one of claims 14 to 24 
wherein the expression of the gp jn protein is suppressed or inhibited by deleting the DNA 
molecule encoding said gp HI protein or by a stop codon between the gene coding for 
polypeptide containing the. kringle 2 domain and the serine protease domain of 
plasminogen activator protein and the protein m gene. 

34. A P n*aryotic host celj comprising a DNA molecule according to any one of claims 14 
to 24. 

35. A prokaryotic host cell comprising a vector according to any one of claims 3 1 to 33. 

36. An E, coli host cell comprising a DNA molecule according to any one of claims 14 to 
24. 

37. An E. coli host cell comprising a vector according to any one of claims 3 1 to 33. 

38. Use of a DNA molecule according to any one of claims 14 to 24 or of a vector 
according to any one of claims 31 to 33 or a host cell according to any one of claims 34 to 
37 in a method for the production of a polypeptide having the activity of tissue plasminogen 
activator. 

39. Use according to claim 38, wherein said method is a method according to any one of 
claims 1 to 13. 



a a 
tissue 



10 



Boehringer Ingelheim International GmbH Case i_i 170 

39 

Abstract 

The invention belongs to the field of thrombolysis and pf tissue plasminogen activator (tPA) 
derivative production in prokaryotic cells. The invention relates to methods for the 
production of a recombinant DNA-derived tPA, * variant themf or a (Kringle 2 Serine) K2S 
molecule or a variant therof in prokaryotic cells, wherein said tPA or K2S or variant is 
secreted extraceljularly as an active and correctly folded protein, and the prokaryotic cell 
contains and expresses a vector comprising the DNA coding for said tPA or K2S or variant 
operably linked to the PNA coding for the signal peptide OmpA The invention further 
relates to specific K2S derivatives obtainable by said method. The invention further relates 
to said DNA molecules and the use of said PNA molecules in said methods. 
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